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INFLATABLE AND COLLAPSIBLE APPARATUS FOR DISPENSING 
FLUID FROM A FLUID VESSEL 

[0001] This application is a continuation-in-part and claims the benefit of 
Boal, Jr., U.S. Application No. 09/971,623, filed on October 9, 2001, the entire 
contents of which are hereby incorporated into the present application by 
reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to an apparatus, such as a piston, 
used to dispense fluids from fluid vessels. 

2 . Description of Related Art 

[0003] A method of dispensing fluids from a fluid vessel, such as a tank, 
may involve the use of a rigid piston disposed inside the tank to drive the fluid 
therefrom. The rigid piston is pushed through the tank during the dispensing 
process by the use of pressurized air, nitrogen or any other suitable gas. The 
piston typically includes annular seal rings that form a seal between the inner 
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surface of the tank and the piston, and which wipe the interior of the tank as the 
rigid piston is pushed through the tank. 

[0004] Since the piston is rigid and larger than any orifice provided on the 
tank, the tank is typically manufactured with the piston installed in the tank. 
Thus, the rigid piston is actually part of the tank and cannot be removed without 
dismantling the tank. As such, the rigid piston can only be used in a single, given 
tank for which it is installed. The rigid piston is also made to be fairly long in 
order to accommodate spaced apart pads that protrude therefrom and engage the 
inner surface of the tank, such as that described in U.S. Patent No. 4,721,235. 
These pads help to prevent canting as the rigid piston moves through the tank. As 
such, the rigid piston occupies a large volume of space that could otherwise be 
used to store fluid. 

SUMMARY OF THE INVENTION 
[0005] It would therefore be desirable to provide an apparatus for 
dispensing a fluid from a fluid vessel that does not possess the above mentioned 
drawbacks. The present invention provides an apparatus for sealing a portion of a 
fluid vessel. The apparatus includes an inflatable and collapsible enclosed 
structure constructed and arranged to transition between an inflated configuration 
and a collapsed configuration when pressurized fluid is received therein and 
released therefrom, respectively. The apparatus includes at least one annular seal 
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member protruding from an outer surface of the enclosed structure, wherein the 
annular seal member is constructed and arranged to engage an inner surface of the 
fluid vessel to form a fluid tight seal between the inner surface and the outer 
surface of the enclosed structure when the enclosed structure is disposed therein 
and pressurized to substantially the inflated configuration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The present invention is further described in the detailed 
description which follows, by reference to the noted drawings by way of non- 
limiting exemplary embodiments, in which like reference numerals represent 
similar parts throughout the several views of the drawings, and wherein: 

[0007] FIG. 1 is a cross sectional view of an embodiment of the apparatus 
shown in substantially the inflated configuration; 

[0008] Fig. 2 is a section view along line 2-2 of Fig. 1; 

[0009] Fig. 3 is a cross sectional of the apparatus of Fig. 1 shown in a 
collapsed configuration; 

[0010] Fig. 4 is a cross sectional of the apparatus of Fig. 1 shown in 
substantially the inflated configuration within a fluid vessel; 

[0011] Fig. 5 is a cross sectional of a second embodiment of the apparatus 
shown in substantially the inflated configuration; 
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[0012] Fig. 6 is a cross sectional view of the apparatus of Fig. 5 shown in 
substantially the inflated configuration within a fluid vessel; 

[0013] Fig. 7 is a cross sectional view of a seal member integrally formed 
with the enclosed structure of the apparatus of Fig. 1; 

[0014] Fig. 8 is a cross sectional view of a seal member fixedly attached 
to the enclosed structure of the apparatus of Fig. 1; 

[0015] Fig. 9 is a cross sectional view of a hollow seal member fixedly 
attached to the enclosed structure of the apparatus of Fig. 1; 

[0016] Fig. 10 is a cross sectional view of a rectangularly shaped seal 
member integrally formed with the enclosed structure of the apparatus of Fig. 1 ; 

[0017] Fig. 1 1 is a cross sectional view of a rectangularly shaped seal 
member fixedly attached to enclosed structure of the apparatus of Fig. 1; 

[0018] Fig. 12 is a cross sectional view of the apparatus of Fig. 5; 

[0019] Fig. 13 is a cross sectional view of a end member of the apparatus 
of Fig. 1; 

[0020] Fig. 14 is a cross sectional view of a end member and second end 
member of the apparatus of Fig. 1; 

[0021] Fig. 15 is a cross sectional view of the end member of Fig. 13 
showing another attachment configuration; 

[0022] Fig. 16 is a cross sectional view a end member integrally formed 
with the enclosed structure of the apparatus; 
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[0023] Fig. 17 is a cross sectional view of the apparatus of Fig. 1 shown in 
substantially the inflated configuration and within a tank; 

[0024] Fig. 18 is a cross sectional view of the apparatus of Fig. 17 
depicting fluid contained within the tank; 

[0025] Fig. 19 is a cross sectional view of the apparatus of Fig. 17 shown 
partially collapsed; 

[0026] Fig. 20 is a cross sectional view of a third embodiment of the 
apparatus according to the present invention; 

[0027] Fig. 21 is a cross sectional view of the apparatus of Fig. 20 shown 
expanded within the fluid vessel; 

[0028] Fig. 22 is a cross sectional view of the apparatus of Fig. 20 shown 
in a partially collapsed configuration; 

[0029] Fig. 23 is a cross sectional view of the apparatus of Fig. 22 shown 
in a partially expanded configuration; and 

[0030] Fig. 24 is a cross section view of the apparatus of Fig. 20 shown 
mounted within the fluid vessel. 

DETAILED DESCRIPTION 

[0031] Referring now more particularly to the drawings, an embodiment 
of the apparatus of the present invention, generally indicated at 1 0, is shown in 
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Figs. 1-4. The apparatus 10 includes an inflatable and collapsible enclosed 
structure 12 and at least one annular seal member 14. The enclosed structure 12 
of the apparatus 10 is constructed and arranged to transition between an inflated 
configuration (shown, for example, in Fig.l) and a collapsed configuration 
(shown, for example, in Fig. 3) when pressurized fluid is received therein and 
released therefrom, respectively. The enclosed structure 1 2 may have generally a 
circular cross-section when inflated to substantially the inflated configuration. Of 
course, any cross-section could be used, but the circular cross-section is illustrated 
because fluid vessels with a cylindrical wall are the most common. 

[0032] The at least one seal member 14 protrudes from an outer surface 16 
of the enclosed structure 12, the at least one seal member being constructed and 
arranged to engage an inner surface 18 (Fig. 4) of a fluid vessel 20 to form a seal 
therebetween when the enclosed structure is disposed therein and pressurized to 
substantially the inflated configuration. The fluid vessel 20 can be any type of 
structure for containing or delivering fluid, such as a tank or a pipe, respectively. 
Where the fluid vessel and enclosed structure 1 2 (when in substantially the 
inflated configuration) have a circular cross section, the seal member 14 may be 
annular, as shown. 

[0033] The pressurized fluid used to inflate the enclosed structure 12 may 
include a gas, such as air, nitrogen, or any other suitable gas. Alternatively, the 
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fluid may include a liquid, such as hydraulic fluid, or any other suitable fluid, that 
is received in the enclosed structure and pressurized with a hydraulic device. 
The enclosed structure 12 is made from a suitable flexible material which can 
maintain a pressurized fluid received therein. For example, the enclosed structure 
may be made of a flexible polymeric material, such as rubber or a synthetic 
rubber. Alternatively, the enclosed structure 12 maybe made of a woven fabric 
material. The enclosed structure 12 may further be made of a combination of a 
polymeric material and woven fabric material. That is, a portion of the structure 
may be made of rubber and another portion made of the woven fabric material 
and the separate portions connected together such that their interfaces are made to 
be "air tight." The enclosed structure 12 may also be made of a composite 
material of, for example, a polymeric material and woven fabric material. 
The apparatus 10 may include at least one valve 22 fixedly mounted to the 
enclosed structure 12 for introducing pressurized fluid therein. The at least one 
valve 22 may include a plurality of valves. The valve 22 is constructed and 
arranged in known manner such that a hose 26 can be removably attached thereto 
and used to inflate the enclosed structure. The valves 22 may be mounted to both 
end portions 34, 36 of the enclosed structure 12 so that the hose 26 can be 
attached at either side 36, 34 thereof. A portion of the valve 22, namely a tube 
portion 30, may be integrally formed with the enclosed structure 12, or the tube 
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portion can be fixedly attached to the structure in a known manner to form an air 
tight interface therebetween. 

[0034] Each valve 22 may be operatively switcheable between at least 
one of a closed/sealed position, an open position for introducing pressurized fluid 
within the enclosed structure, and an open position for releasing the pressurized 
fluid from the enclosed structure. Alternatively, the apparatus 10 may include one 
or more second valves 40 dedicated to releasing the pressurized fluid. 
As discussed, the apparatus 10 includes at least one seal member 14 mounted to 
an outer surface 16 of the enclosed structure 12 and protruding therefrom. The at 
least one seal member 14 may include a plurality of seal members. The apparatus 
10 is to be sized so that when the enclosed structure 12 is disposed within a 
correspondingly sized fluid vessel 20 and pressurized to substantially the inflated 
configuration, the at least one seal member 14 slidably engages the inner surface 
18 of the containment device to form a seal therebetween, as shown in Fig. 4. 
More specifically, when the apparatus is disposed within an appropriately sized 
fluid vessel 20 and an inflated to substantially the inflated configuration, the seal 
member 14 provides a fluid tight seal so that opposite sides of the seal members 
14 generally define separate spaces 44, 48 for housing fluid. 

[0035] In one embodiment, when the apparatus is substantially in the 
inflated configuration, the outer surface 16 may include at least one radially 
protruding portion 50 having an annular, proximal end 57. The at least one 
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radially protruding portion 50 may include a plurality of protruding portions. 
Where the enclosed structure 12 is integrally formed, the radially protruding 
portions 50 may be integrally formed therewith. Alternatively, the protruding 
portions 50 may be constructed from a plurality of material sections that are 
fixedly attached together to form the continuous enclosed structure 12. In such a 
case, the material sections may be fixedly attached together at seams 54 by, for 
example, sewing, fusing, gluing, or otherwise attached, provided that the seams 
54 are made to be "air tight." Seams 54 may include reinforcement material 55 
that is likewise fixedly attached. 

[0036] The apparatus 10 may further include at least one radially 
extending, flexible support 63 that is fixedly attached between diametrically 
opposite positions of the annular seam 54, as shown in Fig. 1 by the dashed lines. 
The at least one flexible member 63 may include a plurality of flexible members. 
The flexible supports 63 may be made of any suitable flexible material, such as, 
for example, a metal cable, a fibrous or polymeric rope, a rubber or synthetic 
rubber cord, or other flexible member. The flexible supports 63 provide support 
against outward, radial expansion of seams 54. 

[0037] The at least one seal member 14 may be fixedly mounted to the 
outer surface 16 of the enclosed structure 12. Where a plurality of seal members 
14 are included, they may be approximately equally spaced in the longitudinal 
direction along the outer surface 16, as shown in an embodiment of the apparatus 
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in Figs 5 and 6 in which the outer surface does not include radially protruding 
portions 50. Where the outer surface 16 includes the radially protruding portions 
50, the seal members 14 are fixedly mounted at the annular, proximal ends 60 
thereof (Fig. 1). In either case, the seal members 14 are fixedly mounted to the 
enclosed structure 12 by, for example, being sewed, fused, glued, a combination 
thereof, or otherwise fixed thereto (Figs. 8, 9, and 11). Alternatively, the seal 
members 14 may be integrally formed with the enclosed structure, as shown in 
Figs. 7 and 10. 

[0038] The seal member 14 may be a polymeric material, such as, for 
example, rubber or synthetic rubber, or any other suitable material. The synthetic 
rubber may include, for example, at least one of VITON®, neoprene, and Buna-N 
(nitrile) rubber having a hardness of approximately 65 durometer (Shore A scale), 
none of which are intended to be limiting. The seal member 14 may be solid or 
hollow (Fig. 9). The cross-section of the seal members may be semi-toric, 
rectangular (Fig 10), or any other suitable shape. The outer surface 56 of the seal 
members 14 may be coated with a lubricant layer 58. The lubricant layer 58 may 
include a layer of TEFLON®, or other material that exhibits a low coefficient of 
friction, thereby facilitating sliding engagement between the seal members 14 and 
the fluid vessel 20. 

[00391 The apparatus 10 may further include at least one structural 
support member 60 disposed within the enclosed structure 1 2 and fixedly 
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attached, as is known in the art, to inner surfaces 62, 64 of opposing longitudinal 
ends 36, 34, respectively, of the enclosed structure 12, as generally shown in Fig. 
12. The support member 60 may be attached to each end 34, 36 at the 
approximate centers thereof. Thus, when in the inflated configuration, the support 
member 60 extends along the approximate longitudinal axis 68 of the enclosed 
structure 12. When the enclosed structure 12 of the apparatus 10 is pressurized to 
substantially the inflated position, the support member 60 provides support 
against outward, longitudinal expansion of the enclosed structure. More 
specifically, the support member 60 prevents longitudinal expansion of t he 
enclosed structure beyond, generally, t he length of the support member 60. 

[0040] The support member 60 may be a rigid material, such as a rigid 
rod. Alternatively, the support member 60 is a flexible material, such as, for 
example, a metal cable, a fibrous or polymeric rope, a flexible rubber or synthetic 
rubber rod, or other flexible member. Where the support member 60 is a flexible 
member, the apparatus 10 can be collapsed into a more compact unit when the 
pressurized fluid is released from the enclosed structure 12 (see Fig. 3). The 
support member 60 may also include a rigid, telescopic device (not shown) that 
can extend and retract in a known manner between a maximum and minimum 
length, respectively. The at least one support member 60 may include a plurality 
of support members, the ends being connected to the inner surfaces 62, 64 of the 
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ends 36, 34 of the enclosed structure 12 at various locations about the longitudinal 
axis 68. 

[0041] The apparatus 10 may include at least one substantially rigid end 
member 70 connected to an end portion 34 (or 36) of the enclosed structure 12 
and disposed transverse to the support member 60. The at least one rigid end 
member 70 may include a pair of end members connected at each end 34, 36. The 
support member 60 may be attached to an inner surface 74 of each end member 
70 at the approximate center thereof, or, where a plurality of support members 60 
are included, they may be attached at various locations about the longitudinal axis 
68. The end members 70 may be of any shape, including disk shaped. The end 
members 70 provide a substantially rigid wall portion that supports the 
corresponding ends 34, 36 of the enclosed structure from outward, longitudinal 
expansion when in substantially the inflated configuration. More specifically, the 
end members 70 and support member 60 together generally define a longitudinal, 
dimensional "boundary" that the enclosed structure occupies when in the inflated 
configuration. With this boundary, the enclosed structure 12 of the apparatus 10 
generally forms a cylindrical body when in the inflated configuration. The 
cylindrical body configuration, combined with the plurality of seal members 14 
disposed along the outer surface 16 of the enclosed structure 12 and engaged with 
an inner surface 1 8 of the fluid vessel 20 when in the inflated configuration, 



12 



CIP Application 

combine to substantially prevent canting of the apparatus 10 when the apparatus is 
translated in the longitudinal direction within the fluid vessel 20, described below. 
Referring to Fig. 13, the end members 70 may be fixedly attached to the inside 
surfaces 62, 64 of the enclosed structure 12 by being glued or otherwise fixed 
thereto. For example, the end members 70 may further be bolted to the enclosed 
structure using bolts 76. Where bolts 76 are used, the bolts may be disposed in 
through holes 82 formed in the end members 70, in which case the through holes 
are made to be air tight to prevent fluid leakage. Also, the interface 80 between 
the enclosed structure 12 and the end member 70 is made to be air tight. 
Threaded bolts 84 may also be used which engage corresponding threaded holes 
(i.e., not through holes) in the end members 70, in which case only the interface 
80 between the enclosed structure and the end members 70 are made to be air 
tight. 

[0042] As shown in Fig. 14, where the end members 70 are attached 
within the enclosed structure 12, each end 34, 36 of the enclosed structure may be 
sandwiched between the end member 70 and second end members 90, the second 
end members being disposed on the outside surface 92 thereof. The second end 
members 90 may be of any shape, including disk shaped. Each end member 70, 
enclosed structure 12, and second end member 90 are fixedly attached to each 
other by being bolted or otherwise fixedly attached, as described above. 
Alternatively, as shown in Fig. 15, each end member 70 may be fixedly attached 



13 



CIP* Application 



to the outside surface 92 of the enclosed structure 12 at an end 34, 36 thereof. In 
this case, the enclosed structure 12 is fixedly attached to the inner surface 96 of 
the end member 70 (in an air tight manner), and the enclosed structure includes a 
through hole 100 positioned at the approximate center of the end member for 
allowing attachment of the support member 60 thereto. In another embodiment 
shown in Fig. 16, the end member 70 may be integrally formed with the enclosed 
structure 12, thus providing rigid central portion of each end 34, 36 of the 
enclosed structure. 

[0043] The valves 22 and 40 may be mounted in an air tight manner to the 
end members 70 (Fig. 13) and to second end members 90 and end members 70 
(Fig. 14). 

[0044] The apparatus 10 of the present invention may be used in a variety 
of applications. In one application, shown schematically in Fig. 17, the fluid 
vessel 20 may be a given tank 104 for storing a fluid. In this application, the 
appropriately sized apparatus 10 may be inserted into the tank 104 through a 
hatch or other opening 106 formed in the tank while the apparatus 10 is in the 
collapsed configuration. The end members 70 must also be appropriately sized to 
fit through the opening 106. Pressurized fluid, such as a gas or a hydraulic fluid, 
is then received within the enclosed structure 12 of the apparatus 10 via the hose 
26 until the enclosed structure 12 is in the inflated configuration. In the inflated 
configuration, the seal members 14 are slidably engaged with the inner surface 
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1 10 of the tank 104 and form a fluid tight seal therebetween. As will be 
understood by those skilled in the art, the pressure within the enclosed structure 
required to provide a fluid tight seal will vary depending on the diameter of the 
apparatus 10 (which is determined by the diameter of fluid vessel) and the density 
of the fluid to be stored and dispensed. The apparatus 10 may then be translated 
to either end 114, 1 16 of the tank by applying, for example, pressurized gas 
within the tank. A commodity fluid, for example, may then be introduced into the 
tank 104, which is generally indicated as side 1 in Fig. 18. Alternatively, the 
commodity fluid may be introduced into the tank 104 prior to moving the 
apparatus 10, in which case the force of the commodity fluid would push the 
apparatus through the tank and to an end 114, 116 thereof. To subsequently 
remove this commodity fluid, pressurized gas is introduced into the opposite side 
of the tank (side 2) at a pressure sufficient to cause translation of the apparatus 10, 
and the fluid exits the tank through, for example, orifices 109 (or valves) located 
at each end 114, 1 16 of the tank. It is noted that the pressure within the enclosed 
structure 12 of apparatus 10 is high enough so that the apparatus substantially 
maintains its shape (i.e., the inflated configuration) and the seal members 14 
maintain their fluid tight seal against the inner surface 1 10 of the tank 104. As the 
apparatus 10 translates, the seal members 14 prevent the commodity fluid 
contained in side 1 from entering side 2. When the commodity fluid is 
substantially removed from the tank, i.e., the apparatus 10 is located at an the end 
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of the tank, the internal pressure of the enclosed structure 12 of the apparatus 10 
may be released so that the apparatus partially collapses in an "accordion" 
manner, as shown in Fig. 19. By partially collapsing in this manner, the tank's 
volume in side 2 is maximized for the introduction of the commodity fluid. The 
enclosed structure 12 of the apparatus 10 may be partially collapsed in an 
accordion manner at the outset so that the tank's volume in side 1 is also 
maximized prior to the introduction of the commodity fluid into the tank. It can 
be appreciated that the apparatus 1 0 of the present invention can be collapsed, by 
releasing the pressurized fluid therefrom, and removed from the given tank 104 
and installed in another comparably sized fluid vessel, allowing for great 
flexibility of usage for a single apparatus 10. It will be understood to those skilled 
in the art that the application described above is not intended to be limiting, but is 
rather intended as a possible application of the apparatus 10 of the present 
invention. 

[0045] For example, it will be understood by those skilled in the art that 
two fluids may be stored in side 1 and side 2 of the tank simultaneously, the two 
fluids being kept separate by the seal members 14 of the apparatus 10. Further, it 
will be understood by those skilled in the art that the apparatus 10 may be used in 
a fluid vessel that was not initially designed to store two separate fluids. 
In another application, the fluid vessel 20 may be a pipe, as generally shown in 
Fig. 4. The apparatus 10, while in the collapsed configuration, is placed within 
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the pipe and then pressurized to the inflated configuration to create a fluid tight 
seal between the seal members and the inner surface 1 8 of the pipe. In this case, 
the apparatus may used in a "pigging" operation, where the apparatus is used for 
separating products, such as, for example, gasolines, fuel oils, crude oils, jet fuels 
and other petroleum products transported through a pipeline. The apparatus 10 
may then be caused, using, for example, air pressure injected within the pipe on 
one side of the apparatus, to translate within the pipe in order to remove residual 
fluid from the pipeline when changing to another product. 

[0046] The apparatus 10 may also be disposed within a 55 gallon drum 
containing stored fluid. The apparatus may be installed within the drum, as 
describe above, inflated, and used to drive the stored fluid from the drum. 

[0047] In another embodiment shown in Figs. 20 and 21, the apparatus 
101 is constructed and arranged so that the when inflated, the apparatus radially 
expands to the inflated configuration, as described above, and further expands 
longitudinally (as indicated by the two arrows in Fig. 20) within the fluid vessel 
104 and drives the fluid stored on either side of the apparatus out of the fluid 
vessel. In this embodiment, the apparatus 101 includes a sufficient number of 
radially protruding portions 50, which together with their flexibility, enable the 
apparatus to expand, via an internal pressure, in an "accordion" like manner to 
drive the fluid from the fluid vessel. As such, the step of pressurizing the fluid 
vessel 104 with a gas in order to translate the apparatus 101 within the fluid vessel 
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is not required. The apparatus 101 may be appropriately sized to substantially 
occupy the volume of the the fluid vessel when expanded, as shown in Fig. 21, so 
that it is capable of driving substantially all of the fluid from the fluid vessel 
through longitudinal expansion thereof. 

[0048] Alternatively, the apparatus 101 may be sized so that when fully 
longitudinally expanded, its volume is smaller than the volume of the fluid vessel 
and thus the apparatus does not fully occupy the fluid vessel 104. With such a 
configuration, since the longitudinal expansion of the apparatus 101 may not 
purge all the fluid from the fluid vessel, the remainder of the fluid may be driven 
from the fluid vessel 104 by pressurization thereof, as described above, in order to 
translate the apparatus and force the remaining fluid from the fluid vessel. 

[0049] As will be understood by those skilled in the art, both ends 123, 
125 of the apparatus may expand longitundially away from each other to drive the 
fluid from both sides 1 and 2 of the fluid vessel (Fig. 20). Alternatively, as shown 
in Fig. 22, the apparatus 101 may be positioned adjacent an inside end 127 of the 
fluid vessel 104 and expanded, via an internal pressure, longitudinally in one 
direction, as indicated by the arrow. Here, upon interval pressurization of the 
apparatus 101, the apparatus expands in an "accordion" like manner, "pushing 
off from inside end 127 of the fluid vessel. That is, for example, end 125 of the 
apparatus 101 maintains engagement with inside end 127 of the fluid vessel 104 
and end 123 moves away from end 127 upon expansion of the apparatus to drive 
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the fluid from the vessel. The apparatus 101 may be appropriately sized so that it 
can occupy substantially the entire fluid vessel when expanded. 

[0050] To facilitate the above longitudinal expansion, either end 123, 127 
of the apparatus 101 may be fixedly attached to an inside end 127, 129 of the fluid 
vessel 101. For example, Fig. 22 shows end 125 of the apparatus 101 fixedly 
attached to end 127 of the fluid vessel with one or more mechanical fasteners 133, 
as is known in the art. The mechanical fasteners 133 may be such that the 
apparatus 101 can be removably fastened to the inside of the fluid vessel 104, 
thereby maintaining the portability of the apparatus. 

[0051] It will also be understood by those skilled in the art that the ends 
123, 125 of the apparatus, rather than being fixed to an end 127, 129 of the fluid 
vessel, may be mounted within the fluid vessel at any location. For example, as 
shown in Fig. 24, the fluid vessel 104 may include a protruding portion 137 
disposed between the ends 127, 129 of the fluid vessel for which an end 125 may 
be engaged with or attached to. 

[0052] While the invention has been described with reference to the 
certain illustrated embodiments, the words which have been used herein are words 
of description, rather than words or limitation. Changes may be made, within the 
purview of the appended claims, without departing from the scope and spirit of 
the invention in its aspects. Although the invention has been described herein 
with reference to particular structures, acts, and materials, the invention is not to 
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be limited to the particulars disclosed, but rather extends to all equivalent 
structures, acts, and materials, such as are within the scope of the appended 
claims. 
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